Antiretroviral therapy (ART) has led to a dramatic improvement in the outcome of human immunodeficiency virus (HIV)-infected patients [1] . However, declines in overall mortality and aging of HIV-infected cohorts have increased the overall cancer incidence among patients with HIV [2] . Furthermore, people with HIV have a higher risk for several AIDS-defining malignancies (ADMs; including Kaposi sarcoma, non-Hodgkin lymphoma [NHL] , and invasive cervical cancer [3] ) and non-AIDS-defining malignancies (NADMs). Cancer now accounts for approximately 33% of all HIV-related deaths [4, 5] .
Several studies suggest a significant decline in the rates of ADMs and increase in the rates of NADMs (eg, cancers of the head and neck, lung, kidney, liver, gastrointestinal tract, anus, and skin [squamous cell/ basal cell carcinoma, melanoma], Hodgkin lymphoma, and leukemia) [2, [6] [7] [8] . NADMs now account for more morbidity and mortality than ADMs [2, 9] .
Large cohort studies have reported a consistent link between low CD4 cell counts (<350−500 cells/µL) and higher risk of ADMs and/or NADMs, suggesting that initiating ART to suppress HIV replication and maintain CD4 counts >350-500 cells/µL reduces the overall incidence of ADMs and may also reduce the incidence of NADMs [2] . The use of ART plus chemotherapy in HIV-infected cancer patients has been demonstrated to reduce morbidity associated with opportunistic infections and improve overall survival in patients with ADMs [10, 11] .
In light of these findings, initiation or optimization of ART is now recommended for cancer patients infected with HIV [12] , and treatment with concurrent ART and chemotherapy is increasingly common [13] . However, concomitant administration of ART and anticancer therapy is complicated, and very little has been published on this topic. Unfortunately, patients with HIV are excluded from studies of cancer drug development, and the optimal ART for HIV-infected cancer patients is unknown. Challenges in the diagnosis and management of HIV infection in patients with cancer are listed in Table 1 . In this review, we focus on the practical aspects of managing HIV infection in patients with cancer receiving chemotherapy.
STUDIES OF CONCOMITANT USE OF DIFFERENT TYPES OF ART AND CHEMOTHERAPY
Some studies have shown that even intensive chemotherapy protocols are feasible in HIV-infected patients, and the outcome of HIV-infected patients with Burkitt lymphoma, diffuse large B-cell lymphoma, and Hodgkin lymphoma is similar to that of HIV-negative patients receiving the same chemotherapy regimens [14] . Unfortunately, most studies of concomitant ART and chemotherapy have focused on oncologic aspects, ignoring details on type of ART and virologic outcome [15] [16] [17] [18] . However, a few previous studies of concomitant therapy provide details that can inform selection of ART.
In a study of 80 HIV-infected patients with lung cancer, 44 patients (55%) were receiving ART before and 12 (15%) were started on ART after cancer diagnosis. The most common regimens were nucleoside reverse transcriptase inhibitors (NRTIs) in combination with a nonnucleoside reverse transcriptase inhibitor (NNRTI) and a protease inhibitor (PI) (n = 24), NRTI/PI/PI (n = 22), and NRTI/NRTI (n = 20). ART use did not affect overall survival. However, cancer-specific survival was significantly better for patients who had higher CD4 counts (≥200 cells/mL), which are an indirect effect of ART. Unfortunately, information on ART efficacy, safety, and tolerability was not provided [19] .
Another study analyzed 2 groups of patients with NHL: 35 patients treated with ART and cyclophosphamide, doxorubicin, vincristine, and prednisone (CHOP) (group 1) and 26 patients with CD20 cell-positive NHL treated with ART plus rituximab, cyclophosphamide, doxorubicin, and etoposide (group 2) [20] . ART regimens included NRTIs, NNRTIs, and PIs, with most patients receiving a PI-based regimen (group 1: 95%; group 2: 72%). Most patients maintained a virological response during chemotherapy (group 1: 84%; group 2: 68%).
Burkitt and Burkitt-like lymphomas account for 25%-40% of HIV-associated NHLs. Only 40%-50% of patients with these lymphomas achieve complete remission, and median survival time is <1 year. In a series of 13 patients with Burkitt lymphoma treated with hyperfractionated cyclophosphamide, vincristine, doxorubicin, and dexamethasone, 6 of 7 who received ART during chemotherapy remained alive and in complete remission at a median of 29 months, 1 of 2 patients who started ART late after chemotherapy was alive and in complete remission at 33 months, and the 4 patients who did not receive ART had died [21] .
In a retrospective study of 34 HIV-infected patients with diffuse large B-cell lymphoma treated with ART and CHOP between 2002 and 2010 at 3 academic hospitals in Canada [22] (6 [50%] ). CHOP had similar efficacy and toxicity in the 2 ART groups. Unfortunately, no analysis of patients treated with raltegravir vs efavirenz was performed, and HIV type 1 (HIV-1) RNA was consistently measured in only 10 of the 34 patients, precluding extensive analyses of ART efficacy during chemotherapy [22] .
In the largest series to date analyzing different ARTs in HIVinfected patients with cancer [23] , we found that PI-based regimens had the least favorable impact (Figure 1 ). We also found that NNRTIs and integrase strand transfer inhibitor (INSTI)-based treatments had similar efficacy. The studies described above suggest that the concomitant use of ART and chemotherapy is tolerable in most cases, is not associated with life-threatening toxic effects, and produces response and disease-free survival rates similar to those observed in patients with cancer without HIV infection [14, 24, 25] .
APPROACH TO ART-NAIVE HIV-POSITIVE PATIENTS WITH CANCER
US Department of Health and Human Services (DHHS) guidelines recommend initiation of ART for all HIV-1-infected individuals to reduce the risk of disease progression. The evidence supporting this recommendation is strongest for people with pretreatment CD4 count ≤500 cells/µL [26, 27] . The DHHS guidelines do not specifically discuss ART-naive patients with newly diagnosed cancer, but the same rationale for initiating ART-to reduce the risk of HIV progression-seems to apply to such patients. In the past, the risk of cumulative toxic effects and the potential for complex and serious drug-drug interactions (DDIs) were used to justify postponement or interruption of ART during chemotherapy [28] . Today, however, the availability of >20 approved antiretrovirals permits development of tolerable and easy-to-take regimens that minimize the potential for DDIs and improve compliance with ART during chemotherapy.
Recommended Regimens
For the general population, the preferred ART regimens for ART-naive patients are 2 NRTIs in combination with an NNRTI, a PI ( preferably boosted with ritonavir), or an INSTI. Similar regimens can be used in HIV-infected cancer patients, but regimens should be individualized according to cancer treatment plan (chemotherapy, radiotherapy, or surgery), liver or renal disease, potential adverse drug effects (eg, rash, gastrointestinal intolerance, bone marrow suppression, and mitochondrial dysfunction), potential for DDIs with other medications, and patient preference.
Most experienced clinicians lean toward INSTI-based regimens for patients with HIV infection and cancer given the concerns about drug interactions and tolerability with PIs and NNRTIs.
Overcoming Barriers to Initiation of ART
There are barriers to initiating and maintaining ART in patients after a new diagnosis of cancer. A large proportion of patients diagnosed with cancer and HIV simultaneously may be unwilling to initiate treatment for both conditions simultaneously. Treatment usually requires seeing 2 different specialists, and they may not communicate or coordinate care appropriately.
Without adequate follow-up by an infectious diseases specialist, adherence with ART may decline, and viral load, genotype, and CD4 count results and side effects of ARTs may not be followed in a timely manner. The period of waiting for staging, pathology, molecular testing results, or insurance approvals may provide time to start ART prior to chemotherapy. Under ideal conditions, 1-2 weeks is sufficient time to initiate ART and monitor the early-onset side effects prior to chemotherapy.
Several conditions increase the urgency of ART, including AIDS-defining conditions, lower CD4 counts (eg, <200 cells/ µL), and rapidly declining CD4 counts (eg, >100 cells/µL decrease per year) [2] . The presence of ADMs or NADMS for which chemotherapy is expected to cause a drop in the CD4 count also favors rapid initiation of ART. Patients with CD4 counts ≤500 cells/µL or opportunistic infections experience significantly lower rates of progression to AIDS and death when ART is initiated early, likely because improvement in immune response is critical to prevent clinical progression [29, 30] .
Among patients with gastrointestinal intolerance or trouble swallowing pills (eg, patients with cancer of the oral cavity or esophagus, radiation-induced esophagitis, or gastrointestinal graft-vs-host disease [GVHD]), an attempt should be made to use ART agents available in liquid preparations or tablets that can be crushed or dissolved (eg, abacavir, emtricitabine, lamivudine, zidovudine, fosamprenavir, darunavir, tipranavir, and nevirapine). The use of agents with injectable formulations such as enfuvirtide (subcutaneous) or zidovudine (intravenous) can be considered in selected cases.
APPROACH TO ART-EXPERIENCED HIV-POSITIVE PATIENTS WITH CANCER
There is no consensus on the optimal time to change therapy for virologic failure in HIV-infected patients with cancer [2] . Expert advice should be sought in the assessment and management of HIV in ART-experienced cancer patients as several factors associated with virologic failure are commonly encountered in cancer patients, including comorbidities, incomplete medication adherence, drug side effects, difficulty with taking medication (eg, trouble swallowing pills), suboptimal pharmacokinetics (eg, variable absorption in patients with gastrointestinal GVHD), and DDIs. The patient's treatment history and past and current resistance test results should be used to identify at least 2, and preferably 3, fully active agents to combine with an optimized background ART [2] .
A stable ART regimen can be modified before chemotherapy to reduce toxicity, improve adherence and tolerability, and avoid DDIs. In our series [23] , physicians changed the initial ART regimen in anticipation of potential interactions with chemotherapeutic or antifungal agents (eg, voriconazole) in 11 of 154 patients (7%). Recommendations for alternative ART should balance benefits and risks for patients.
ART interruptions should be avoided because of increased risk of death, AIDS, and serious non-AIDS morbidity associated with untreated HIV infection [30] . However, ART may be interrupted perioperatively or when anticancer drugs have clinically significant DDIs with ART and no alternative anticancer drugs are available. In such cases, ART must be reinitiated as soon as possible. Providers should be mindful that when an ART regimen contains drugs with differing half-lives, stopping all drugs simultaneously may result in functional monotherapy with the drug with the longest half-life (eg, efavirenz), increasing the risk of selection of resistant mutations [2] .
In patients with a poor prognosis due to cancer (eg, patients with incurable malignancy) and higher CD4 counts, it may be reasonable to forego ART; such patients are unlikely to have symptoms of HIV infection and are unlikely to have their survival prolonged by ART.
USE OF SPECIFIC ART AGENTS IN HIV-INFECTED PATIENTS WITH CANCER

Nucleoside Reverse Transcriptase Inhibitors
Concomitant use of NRTIs with immunosuppressive agents may be limited by additive toxic effects. Tenofovir may lead to renal dysfunction, particularly in patients receiving other nephrotoxic drugs. Renal function should be monitored over time and the dose adjusted in the case of renal impairment. In our series, tenofovir-based combinations were used in 68% of patients and were not associated with substantial renal toxic effects [23] .
In patients to be treated with abacavir-lamivudine fixed-dose combination, baseline screening for HLA-B*5701 should be performed to reduce the risk of hypersensitivity reaction to abacavir. Zidovudine commonly causes nausea, anemia, and myelosuppression [31] , which can be potentiated by chemotherapy. Therefore, zidovudine should be reserved for cancer patients unable to receive abacavir or tenofovir.
Protease Inhibitors
The combination of PIs and specific chemotherapy drugs can cause significant nonhematologic [23] and hematologic toxic effects [32] , which underscores the need for caution in prescribing these combinations and regular monitoring of patients who receive them. In our series, the rate of nonhematologic side effects was 35% in patients receiving PIs vs 14% in those receiving NNRTIs and 3% in those receiving INSTIs (P = .001). These side effects were attributed to either the ART regimen or overlapping toxic effects between ART and chemotherapy [23] .
In one study, 46 patients with AIDS-related NHL treated with chemotherapy and concomitant ART received 190 cycles of cyclophosphamide, doxorubicin, and etoposide. Grade 3 or 4 infections requiring hospitalization were noted in 48% of cycles with PIs and 25% of cycles with PI-sparing ART (P = .002). Grade 4 neutropenia was observed in 54% of cycles with PIs and 38% with PI-sparing ART (P = .05). Despite the increased toxicity, there were no differences in response rate, disease-free survival, or overall survival between the 2 ART groups [32] .
Nonnucleoside Reverse Transcriptase Inhibitors
Efavirenz use is limited by DDIs and prolonged half-life. Limited experience exists with treating cancer patients with newer NNRTIs, such as etravirine, which has unpredictable DDIs with immunosuppressants such as cyclosporine, tacrolimus, sirolimus, and mycophenolate mofetil [33] . Rilpivirine, another second-generation NNRTI, is primarily metabolized by CYP3A but does not induce the P450 system and theoretically should not affect immunosuppressant drug levels [33] .
Integrase Strand Transfer Inhibitors
Recent guidelines state that raltegravir-based regimens may be considered in malignancy because of their favorable drug interaction profile [30] . Raltegravir undergoes glucuronidation by UGT1A1 and has a lower potential for DDIs than do PIs and NNRTIs [2, 13] . However, it requires twice-daily dosing [2] .
Elvitegravir is a CYP3A4 substrate; therefore, DDIs are expected with several drugs commonly used in oncology. Additionally, elvitegravir requires boosting with cobicistat, a potent CYP3A4 inhibitor that may result in DDIs with other concomitant medications [33] . Dolutegravir, the most recently approved INSTI, has a favorable drug interaction profile and is metabolized primarily by uridine 5′-diphosphate-glucuronosyltransferase, with CYP3A4 playing a minor role [2, 34] . Further studies with this INSTI and chemotherapy are needed. Mild increases in the serum creatinine level have been observed with dolutegravir, likely caused by a mechanism similar to that described for trimethoprim [35] . Of all the INSTIs, dolutegravir has the shortest duration of follow-up and the most limited postmarketing experience. Continued safety monitoring is warranted in the postmarketing setting, especially in cancer patients receiving multiple medications with side effects that can overlap with those of dolutegravir. Unlike raltegravir, dolutegravir can be given once per day [36] .
Attachment Inhibitors and Additional Agents
Maraviroc is the only approved CCR5 attachment inhibitor. Maraviroc has a theoretical advantage in HIV-infected patients undergoing hematopoietic stem cell transplant (HSCT) as the CCR5 receptor itself appears to play a role in the pathogenesis of GVHD. When maraviroc was added to a conventional GVHD prophylaxis regimen after allogeneic HSCT, a lower incidence of liver and gastrointestinal GVHD was observed [37] .
However, the use of maraviroc requires receptor tropism screening [35] , and maraviroc is a substrate of the CYP3A enzyme and ABCB1 transporter, and therefore susceptible to many drug interactions [13] .
The entry inhibitor enfuvirtide also is used successfully in salvage regimens but is poorly tolerated because of injection site reactions [30] .
MONITORING CANCER PATIENTS RECEIVING ART
In HIV-infected cancer patients, as in other HIV-infected patients, CD4 count, HIV-1 RNA level, and ART adherence should be monitored [30] . In HIV-infected cancer patients, CD4 count should be interpreted with caution as an indicator of immunologic response to ART as CD4 counts can be affected by malignancies or their treatment. In a series of 20 patients with lymphoma treated with concomitant ART and chemotherapy, patients experienced a >50% reduction in CD4 counts during the first 3 months of chemotherapy. These counts returned to pretreatment levels within 1 month after chemotherapy was completed [38] .
In cancer patients with HIV infection, as in the general population of HIV-infected patients, suppression of plasma HIV-1 RNA level to <50 copies/mL is expected to occur by 24 weeks with effective therapy, regardless of prior treatment experience [30] . No significant change in the HIV-1 RNA load is observed as a result of chemotherapy [38] , but frequent monitoring of viral load and ART adherence may be necessary during chemotherapy. We monitor our patients once a month in the first 3 months after induction chemotherapy or HSCT, and at 3-month intervals thereafter.
CHALLENGES IN THE SELECTION OF CHEMOTHERAPY FOR PATIENTS RECEIVING ART
Treating cancer in patients with HIV/AIDS receiving ART is complicated because of the poor clinical understanding of DDIs between antineoplastic agents and ART and the narrow therapeutic index of anticancer agents [7, 11, 13] .
Drug-Drug Interactions
A major concern with the use of many ARTs is the potential for DDIs mediated by drug-metabolizing enzymes or transporters that lead to altered drug exposure [39] .
For NRTIs, the potential for DDIs is minimal because these agents are not eliminated by the CYP450 system and do not induce or inhibit CYP450 enzymes [11] ; however, NRTIs may be involved in transporter-mediated interactions as renal clearance is their major route of elimination [39] . In contrast, for PIs, NNRTIs, and chemokine receptor antagonists, the potential for DDIs is high because these agents are extensively metabolized by and induce or inhibit the CYP450 system [13] , which mediates the metabolism of more than one-half of all drugs that undergo hepatic metabolism [40] . To varying degrees, all PIs inhibit CYP3A4 [7] . Ritonavir is the most potent CYP3A4 inhibitor [33] and a strong inhibitor of CYP2C8, CYP2D6, and ABCB1 and a weak inducer of CYP2B6, CYP2C9, CYP3A4, and ABCB1 [40, 41] . Efavirenz is a mixed inducer and inhibitor of CYP3A [42] . The CCR5 antagonist maraviroc has the potential for DDIs as it is a substrate of CYP3A and ABCB1, but maraviroc does not alter metabolism or transport and is unlikely to induce enzyme-mediated interactions [39] . Enfuvirtide undergoes hydrolysis; to date, no DDIs have been reported with this agent [39] .
Many anticancer agents are metabolized by CYP450 and therefore have high potential for DDIs with CYP450-metabolized ART. Anthracyclines, antimetabolite agents, antitumor antibiotics, and platinums undergo non-CYP450 routes of elimination and are unlikely to be altered by ART [13] . On the other hand, DDIs can be anticipated with other classes of anticancer agents, including alkylating agents, corticosteroids, epipodophyllotoxins, taxanes, tyrosine-kinase inhibitors, and vinca alkaloids [13] . Drugs commonly used in cancer and HSCT patients and known to inhibit CYP3A4 include voriconazole and clarithromycin [7] .
Recently, several preclinical studies have been published on the use of newer chemotherapy agents primarily metabolized by CYP3A concomitantly with PIs or NRTIs. In a study using primary cultures of human hepatocytes, the CYP3A4 inhibitor ritonavir inhibited the metabolism of erlotinib, a tyrosine kinase inhibitor primarily metabolized by CYP3A, by 4.2-fold, whereas efavirenz decreased the exposure of erlotinib by 3-fold [42] , suggesting that the clinically used dose of erlotinib (150 mg daily) may have to be substantially reduced (to 25 mg every other day) when coadministered with ritonavir or increased (to 300 mg daily) when coadministered with efavirenz to achieve the desired drug exposure [42] .
In a study in mice, efavirenz and dexamethasone, CYP3A4 inducers, did not have a significant effect on exposure (area under the curve [AUC]) of docetaxel, an agent metabolized primarily by CYP3A4. However, ritonavir resulted in a 6.9-fold increase in the AUC of docetaxel [41] . On the basis of these results, it could be anticipated that standard docetaxel dosing would not be tolerable in patients receiving ritonavir-based ART. The authors of the study recommended proceeding with caution with docetaxel administration in patients receiving ritonavir-based ART until further clinical studies are performed [41] . This study and the aforementioned in vitro study of ritonavir plus erlotinib and efavirenz plus erlotinib suggest the need for confirmatory phase 1 dose-finding trials of newer chemotherapy agents in combination with ART.
To better understand potential DDIs and chemotherapy tolerability, the AIDS Malignancy Consortium, a National Cancer Institute-sponsored cooperative group, launched in 2009 a series of prospective clinical studies of new targeted chemotherapy agents in HIV-infected patients with refractory cancers receiving ART [8] . The goal of these studies, which are ongoing, is to identify tolerable dosing regimens that can be applied to complex patient populations [39] . HIV-infected patients were originally stratified into 3 groups based on ART: (1) NNRTI based, (2) non-ritonavir PI based, and (3) ritonavir PI based [43] . Inclusion of some INSTI-based regimens should be considered in future studies analyzing the safety of concomitant use of chemotherapeutic agents and ART. The results of the first of this series of trials were recently published. The chemotherapy agent studied was sunitinib, a multitargeted tyrosine kinase inhibitor approved for the treatment of renal cell carcinoma, gastrointestinal stromal tumors, and pancreatic neuroendocrine tumors that is metabolized by CYP3A4 to produce the primary active metabolite N-desethyl sunitinib. In a modified phase 1 study, patients were stratified into 2 treatment arms according to whether or not their ART was based on ritonavir. Patients receiving non-ritonavir-based ART received sunitinib at the standard dose (50 mg/day). Patients receiving ritonavirbased ART were treated with sunitinib according to a dose escalation design (from 25 mg/day to 50 mg/day). Efavirenz resulted in increased exposure of N-desethyl sunitinib, whereas ritonavir caused decreased exposure of the metabolite. Patients receiving non-ritonavir-based ART tolerated standard dosing of sunitinib; however, patients receiving ritonavir-based ART experienced toxic effects at the 37.5-mg/day sunitinib dose level that were similar to or worse than the toxic effects experienced by patients in the non-ritonavir-based ART group at the 50-mg/ day sunitinib dose level, including higher rates of grade 3 neutropenia. Therefore, dose reductions of sunitinib to 37.5 mg/day may be warranted in patients receiving ritonavir. On the other hand, no significant effect of treatment with sunitinib on CD4 count or HIV load parameters was observed [40] . This and future studies will help us to better understand potential DDIs at the level of CYP3A4 and to provide recommendations on the use of targeted anticancer agents in the care of HIV-positive patients receiving ART.
In our series [23] , several ARTs were administered with several cancer therapies, including cytotoxic drugs, taxanes, vinca alkaloids, topoisomerase inhibitors, alkylating agents, antimetabolites, antitumor antibiotics, targeted therapy, and immunosuppressants. No significant drug-associated toxic effects or HIV disease progression was observed. Only 1 patient, who was receiving PI-based ART and cyclosporine, developed clinically relevant DDIs (those necessitating adjustment of doses or discontinuation of coadministered agents). However, our results should be interpreted with caution as a multidisciplinary team (infectious diseases specialists, oncologists, and pharmacists) reviewed every ART regimen before its initiation or continuation to prevent clinically relevant DDIs.
The clinical importance of complex drug interactions in HIV-infected cancer patients receiving ARTs and chemotherapy should not be considered trivial, and patients receiving concomitant chemotherapy and ART regimens should be closely monitored. In a study of 2 patients with HIV-associated Kaposi sarcoma who received paclitaxel along with PI-based ART, lifethreatening toxic effects developed in both patients [44] .
Enhanced and Overlapping Toxic Effects
When ART and antineoplastic agents are combined, enhanced and overlapping toxic effects are possible, even when the oncologic therapy consists of newer targeted therapies [7, 8, 11, 13, 39] .
PI-based ART appears to significantly potentiate the myelotoxicity of chemotherapy [45] . Clinicians contemplating taxanebased chemotherapy, for example, should carefully monitor patients for adverse events and, depending on their patient's ART regimen, consider reducing the taxane dose [44] .
In one study, 92 of 93 HIV-positive patients with Hodgkin lymphoma received ART concomitantly with doxorubicin, bleomycin, vinblastine, and dacarbazine (ABVD), and only 1 patient died of treatment-related toxic effects [14] . There was no difference in overall survival and event-free survival between HIV-positive and HIV-negative patients, suggesting that concomitant treatment with ART neither increases the rate of fatal toxic effects in patients treated with ABVD nor jeopardizes their outcome [14] . However, the numbers of patients receiving specific types of ART were not reported.
Because of the potential for arrhythmias and sudden death, combinations of agents that can prolong the QT interval should be avoided. QT prolongation has been associated not only with PIs, such as atazanavir, ritonavir-boosted lopinavir, and saquinavir, but also with newer anticancer agents, including the tyrosine kinase inhibitors (eg, lapatinib and nilotinib) [39] .
Prophylaxis Against Opportunistic Infections
The guidelines for prophylaxis against opportunistic infections in patients with HIV take into account risk, serologic testing results, and history of exposure, as well as the status of the immune system, particularly as reflected by the CD4 count, the receipt of and duration of ART, and the response to ART [12] . The guidelines for prevention of infections in patients with cancer are centered on the degree and duration of neutropenia, a key risk factor for infection, but also take into account immunodeficiency associated with malignancy (eg, hypogammaglobulinemia associated with chronic lymphocytic leukemia), disruption of mucosal barriers, use of lymphotoxic agents (eg, high-dose corticosteroids, fludarabine, and alemtuzumab), and HSCT [46, 47] . Both sets of guidelines need to be considered to prevent opportunistic infections in HIV-infected patients with cancer.
Our preference as infectious diseases consultants is to start by administering the recommended prophylaxis against opportunistic infections in patients with HIV. Once the treatment plan for cancer is determined, we add any additional agents recommended for prophylaxis against infections in patients treated with the particular chemotherapy regimen or HSCT. We reevaluate recommendations on a regular basis and adjust as needed, always in coordination with the oncology team. HIV-related prophylaxis may have to be modified as the patient's CD4 count decreases with some chemotherapy regimens or increases after completion of therapy. Use of lymphotoxic agents such as fludarabine or alemtuzumab may lead to significant CD4 count depletion and an increased risk of opportunistic infections such as cytomegalovirus infection, other herpesvirus reactivations, mycobacterial infection, and invasive fungal infection [48, 49] . Specific recommendations for cytomegalovirus prophylaxis and use of mold-active antifungals will usually be included as part of the chemotherapy protocol.
Trimethoprim/sulfamethoxazole may need to be replaced with another prophylactic drug or combination when patients have prolonged myelosuppression or weak recovery of cell counts after chemotherapy or in the preengraftment period after HSCT. Pentamidine, dapsone, and atovaquone are the commonly used substitutes. Prophylaxis against infection during chemotherapy may include drugs that interact with ART. Examples include the mold-active triazoles voriconazole and posaconazole. Efavirenz should not be coadministered with either voriconazole or posaconazole because it decreases the triazole AUC; ritonavir should be avoided with posaconazole [12] . We prefer to avoid efavirenz given that it may decrease the serum concentration of triazoles, particularly because this effect may last for several weeks after efavirenz is discontinued.
CONCLUSIONS
In HIV-infected patients receiving chemotherapy for cancer or HSCT, most ART regimens can be safely implemented to suppress viral replication. Overlapping toxic effects and DDIs between chemotherapy and ARTs may alter the ART choice. Recommendations for diagnosis and management of HIV infection in patients with cancer are summarized in Table 2 . Unmet clinical and research needs in the management of HIV infection in patients with cancer and cancer in patients with HIV infection are presented in Table 3 . New research may elucidate the potential interactions between ART and new anticancer agents and permit establishment of guidelines for treatment of HIV in patients with specific cancers. HIV-positive cancer patients should not be excluded from studies on cancer drug development and ART. Well-designed studies of antimicrobial prophylaxis.
Notes
Abbreviations: ART, antiretroviral therapy; HIV, human immunodeficiency virus.
